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Abstract: To study the chemical constituents of Preris ensiformis, silica gel, gel, MCI, C, and other column

chromatography were used for separation and purification, and their structures were identified by 'H-NMR, “C-NMR,
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MS, IR and othe spectral data; the anti-tumor and anti-coagulation activities of some monomers were screened by MTS,
APTT, PT and TT. The results were as follows: (1) A total of 15 compounds were isolated from P. ensiformis, the
compounds were 2-hydroxy-acetylpyrrole (1), N-(3-carboxypropyl)-2-acetylpyrrole (2), 3-hydroxy-2-methylpyridine
(3), N-methylhydroxylamine (4 ), pterosin S 13-O-glucoside (5), obtupterosin C (6), ent-11a-hydroxy-15-
oxokauran-19-oic acid (7), ent-1la-hydroxy-15-oxokaur-16-en-19-oic acid (8), B-sitosterol (9), ent-11a-hydroxy-15-
oxokaur-16-en-19-oic acid-O-glucopyranoside (10), 5, 5'-dibutoxy-2, 2'-bifuran (11), 5, 5’-di(2-ethyl-hexyloxy)-2,
2'-bifuran (12), (-)-loliolide (13), succinic acid (14) , fumaric acid (15). Compound 1 is a new natural product of
pyrrole alkaloids. Compounds 1-7, 10-15 were isolated from P. ensiformis for the first time, and compounds 1, 3, 4
were isolated from Pteris for the first time. (2) The results of activity test showed that compounds 1, 2, 3, 5, 6 and 10
inhibited the growth of tumor cells HL-60, A549, SMMC-7721, MDA-MB-231 and SW480 in vitro at a concentration of
40 wmol - L' At the concentration of 2.0 mmol + L', compounds 1, 2, 3 and 6 shortened APTT and compounds 1, 5
and 6 prolonged PT. The study enriches the chemical constituents of P. ensiformis from Guizhou and provides a material
basis for the development of anti-tumor drugs.

Key words: Pteris ensiformis, chemical constituent, structural identification, anti-tumor activity, anticoagulant activity

BN 1 XU Bk ( Pteris ensiformis ) "N X B Bk J& i
Yy, Az annt KU s KB B R B KU A I
NG FERE M TR VU R R IR B B T AR
Phgx Wl M 25 A 2 (5K 6 5%, 20165 Shi et al.,
2017) . SRR BRA T PRI |3 s | T b
fRTEI TN (Liva et al.,2009; 3 b & 25,2012, %
TAEAE,2018) , AT T HRIBR B I | AT 5
SR IIRYT (8 B4 5 ,2018) . AR, &)
RO R 3 A i 28 A% R il 2 TR 2 IR
KA Y (FKHEE 2016 ; Hou et al.,2020) , Hir
TR R A 2 A Y B — %E WY BT T
P T 2R AL A W R T PR R TR R
AT — DL FEAZ BE B B9 0, 40 pterisolic acid C fig
AR O H A BGC-823 A 4 g i Al i
HCT-116 R 208 Hep G2 (5K #2455, 2016) ,{H
1 A BAT G B 7 8 ik XU Bk A~ i o A AR 1
PERFFE R HE . PR, O BE R ACBIE ST 85 7 81 i IR
FRBRAEYI A By, LR TE 2 & iy T 1
B ARFEIE AR IR 7 o, AR B 7 81 I
R BRI h oy A 2 15 MEG W), &5 5
o3 AT 43 A Sy 2-FR - L R R LS (1) (IV-( 3-
FRINHE) -2-& T FE AL I (2) | 3-8 HE-2- 1 26k it
(3) N-HFEFE ¥ (4) pterosin S 13-0-glucoside (5) .
obtupterosin C ( 6) . ent-11a-hydroxy-15-oxokauran-19-
oic acid (7) . ent-1la-hydroxy-15-oxokaur-16-en-19-oic
acid (8) . B-%4F 8§ I (9) . ent-11a-hydroxy-15-oxokaur-
16-en-19-oic acid-O-glucopyranoside (10) .5, 5'-— T
SHE-2, 2R R (11) 5, 52 (2-2 O A

BL)-2, 2'- XA (12) REFINTR(13) T 2R
(14) HEHIR(15) . 1LEW 1 JH KRR, Bk
HY 8 LG 9 51, Hap b & WX | N &t
IRy B3], b G590 1.3 .4 B IRAR
BikiE o B s8], RRLHERE TH &
VIR BT e K o B I s 1, R RN 40 pmol - 17
A& 1.2.3.5.6.,10 1] H0 4 fifo8 40 i HL-60
A549 SMMC-7721 ,MDA-MB-231 F1 SW480 [ & 4
P AR K YRR S R 2.0 mmol - L7 LS
1.2.3.5.6 on R RIRR BE A TaE m I5 :

1 U2 5 AR

Bruker Avance NEO 600 MHz #Z% G L3R G 1E4Y |
Bruker Daltonics Compact 5t {% ( % E BRUKER X
FRNE]) S TCAN fE A7 AR e 21 AN A (K LT B
TR A PR FD) s X-5 WA s A (T
AP BR TR/ F] ) s WFH-203B = 8413 H4Y
( RSB S2 A BR 2 ) ) 5+ 8335 1 i (100 ~ 200
H .200 ~300 H .300~400 H,¥# AL T 2
J7);CHP 20P 75~150 pwm MCI GEL( H A =251k
25w]) 530~60 HERBERG (G N EE AT Y F A 4 2R}
J7) ATk S RE LR OB TR DK
2 (SN AR A IR AR AR) .

Cellometer mini 41 fifd 71404 ( 3¢ & Nexelom 23
) ;370 CO, 15 F# 46 . MULTISKAN FC Ff bR A% (5%
[ Thermo 2\ #]) ; MC-4000 Ifil %% ( 2 6 25 61 B2 y7
IR E P2 G A BR 2N W) ;093 UK-K272 A 1ML J 45
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M2 APTT 30 \PT & TT i (2 E TECO A
F)) 3 HL-60 1 IfiL 975 21 L . AS49 Jifi % 41 i . SMCC-
7721 P40 ML . MDA-MB-231 L i 98 40 g . SW480
2517 9 4 L (26 | ATCC 2 &) ; N1OOTA I 41 .
DI106A A2 HE( K EMBHE AT s MTS W57 &
( £ [E Promega A H]) .

IR 2GR A 5t 8 B R FE R TR N
BOPH 2 5t B8 2 R AR AR B K e T R
ok B AR R B M Y &1 nk KR BR ( Preris
ensiformis ) ) SEUE bR AS A F e M B 2 K 2

2 BREELH

TG RUB R 254 19.5 kg, # T 95%
Tl R, BR 7 d, IR S 7 R (95% H
FEAE I 1 K, 90% HT 42 B 3 ¥k, 70% W P 42 X 3
W), A I P B, 8 BT s AR R E 24 7.8
kg, PR G R K AR SR B - TR A2 B
WG R A Bk R CBR K AR RN E T
PEATAE L, 43 90 s e (] 050 390 A5 1) A 3l ek 3 o7
1 590 g. 2R ZBEFRAT 340 g 1E T EEHBAZ 2 550 g,

TR Z Mg AL (340 g) R I MCI B g
(GELCHP 20P) [ AHAE i 4 20 43 25, L BE - K
HUEM ARG (3:7.1:13:27:34:19:1,
10 : 0) SEAT A BEVEME, 75 8 Fr.A~Fr.G 3t 7 41
g7. Fr.A(172 g) SRS, I — &P -2
FROER(30: 10 : 1)  LRROTR-HEE(20 1 1—
L D) AT EEVE L, 25 A B4 ARG 3
(23 mg) , ¥4 43 % TLC A0 45 15 91, 43 5
33 Fr.A-1~Fr.A-6, Fr.A-1(45 g) ZRERH:
W G A B (s S A A TR R R
11(23 mg) .1(29 mg) 4(8 mg), Fr.B(41 g) &kt
WEAE S DL — A BE - BE (100 = 1—1 1) 34T
FAREVEG 755 Fr.B-1~Fr.B-6, Fr.B-1 Fr.B-2
Z Rk CAE i S 2 L A R A 13(76 mg) (2
(20 mg) 8(18 mg), Fr.C(17 g) & m & kE {03k,
DLAMEE-Z R 216 (20 © 13 = 1) #E4T 80, &
i EAFEL AW 7(34 mg) , 155 6 4o
Fr.C—-1~Fr.C-6, Fr.C-3 Ml Fr.C-5 & Z KK
FEEGE AR Z T S A A, SRS Y 9(384
mg) FLEY) 12(7 mg) o # Fr.C BB G5
Fr.D &9F (12 g) , & Co AR A3, DL H i - oK

(1:1.3:2.7:3.85:15.10:0) F:F786 8L,
53] Fr.CD-1~Fr.CD-3, HH Fr.CD-1 £ BEAE
gk S AR Ak 5 EAS AR RIS 10 (64
mg) .

1E TEEAL (2 550 g) &k I bE (3%, DL 2R
LFE-HEE(1:050:1.30:1,10:1.5:1.3:
11 1) TR R, 753 3 Fr.H ~ Fr.N 3t 7 441
5% Fr.H(220 g) R B AE 35, LA ik - £ R
SPR(15  1—1 = 1) #FAT P, 45 5] Fr.H-1~
Fr.H-5, Hri Fr.H-4(57 ¢) e 6%, 454
EERCHE 3k S B L S 2B 14(45 mg)

Fr.1(383 g) Z b eA: a3k, DL — G F Jog — FH B
(30 : 13 = 1) HATPEM, 53] Fr.1-1~Fr.1-5,
Fr.1-3 258 RECHE ik [ s 45 s 2k &9 15
(14 mg) ., Fr.L(397 g) 6k I AE 3%, L & H
Fe- (50 : 1—1 = 1) FEATR B, 45 3] Fr.L-1~
Fr.L-7, Fr.L-4(48 g) £ C, JUAHF: 3, DL -
AK(1:1.3:2.7:3.85:15.10: 0) 746k
Wi, 455 Fr.L-4-1~Fr.L-4-5, Ht Fr.L-4-2
ZRE A s R 2 AR EE A 6(29 mg) Ak
HW5(57 mg) .

3 #AMEE

e 1 BEE (PR, A (melting
point, mp) :111.9~131.1 °C ; 7£ 254 nm 4%
KT WM ZAH %, HR-ESI-MS ¥ ¥ B8, [ M+
Nal® m/z 148.036 4 (i % i C, H, NO, Na,
148.036 9) , i Z G W B 4 X CH,NO,,
AN 4, 2046 (IR) Bl WoR, fE
1 644.7 em™ AbAT WL ICHE 7R W] BE AT i, #E 3 311.4
em™ A WL R AT RE A R

i "H-NMR (600 MHz, Methanol-d, ) %4 7] %1,
8,7.09(1H,dd,J = 2.4,1.4 Hz),7.00( 1H, dd,
J =3.9,1.4Hz),624(1H,dd,J = 3.9,2.4 Hz) ¥
MiZASATRES A 2 MW ENERES, s,
4.63(2H,s) HEM A% A mk bS5 B S5 R
%L HHBC-NMR( 150 MHZ,MethanOl-dﬂ%&*Eﬁ%ﬂ s
EW 1A 6 MfES, Hrh s, 189.9 #EMI A 1 4>
PRELRR A 5,8, 65.2 HEMIA 1 A% & (55, 8,
130.1.126.6 . 117.4 111.2 vl GE4T 2 4~ XU -
HIBIE 5. 454" C-NMR 1 DEPT i AJ #E W7 H1 1%
EEWEA 6 A, Hop 1 AW H % 3 AN
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M2 Ak, Lra DL BB, ATl HEW R iz A
G W R A YRS

f'H-'"H COSY i n] #1,5,6.24 (H-4) 5 §,
7.00(H-3) \7.09(H-5) #H¢, AT H#fEH C3-C4-C5
Bt, 5 NOESY i+ 5, 4.63(H-7) 58, 7.00( H-3)
A5 HA/E HMBC % 1,6, 4.63 (H-7) 5 6. 189.9
(C-6)HMRAFS, WonizF L H1E C-6 17,
8,6.24(H-4)56.117.4(C-3),126.6(C-5),130.1
(C2)HAMH#AE 5,68, 7.00(H-3) 5 6, 111.2(C-
4),126.6(C-5),130.1(C-2) A M KIE 5,8, 7.09
(H-5)56,117.4(C-3),111.2(C-4) ,130.1(C-2)
ARG,

i bk etk a1 e 1 TR,
WAL G T R IR W), fim 45 Ty 2-2 k- £ T e ik
% A& ¥ HMBC 'H-"H COSY . NOESY i #
KAF S WA 2, B IR R W3R 1,

1 &M 1HMEHRK

Structural formula of Compound 1

o

‘ H
H )

Fig. 1

B2 a1 MEHREEEH-"H COSY HMBC H%
Fig. 2 Structure and key 'H-'"H COSY, HMBC

correlations of Compound 1

E® 2 CoH  NO,y, FH g5 & (HEE) .,
HR-ESI-MS: [ M+Na]* m/z 218.078 7.' H-NMR
(600 MHz, Methanol-d,)8:7.11 (1H,dd,J = 4.1,
1.7 Hz,H-3) ,7.04(1H,t,J = 2.1 Hz,H-5),6.16
(1H,dd,J = 4.1,2.5 Hz,H-4) ,4.36 (2H,t,] =
6.9 Hz,H-1') ,2.42(3H,s,H-7) ,2.22(2H,t,J =
7.4 Hz,H-3"),2.00~1.96(2H,m,H-2") ; "C-NMR
(150 MHz, Methanol-d, ) &: 131.0(C-2),122.8( C-
3),109.4(C-4),132.7(C-5),190.3(C-6), 27.1

x1 &EYW1HK'H-N"C-NMR
(600/150 MHz, CD,OD) #{1&
Table 1 'H-and "C-NMR (600/150 MHz,
CD,0D) data of Compound 1

(A H b2A 8 C Az is
Position Sy 8,
2 — 130.1
3 7.00(1H,dd,J = 3.9,1.4 Hz) 117.4
4 6.24(1H,dd,J = 3.9,2.4 Hz) 111.2
5 7.09(1H,dd,J = 2.4,1.4 Hz) 126.6
6 — 189.9
7 4.63(2H,s) 65.2

(C-7),49.6(C-1"),27.7(C-2"),31.5(C-3"),
176.6(C-4") . DA L Edi 5 Sk (42 5845,2019) #
H—3 BB 2 0 N-(3-RINIE ) 2-2 Bt
FENEIE

wEW3  CH,NO, H 45 & (FEE), HR-
ESI-MS: [M+H]" m/z 110.060 0, "H-NMR ( 600
MHz , Methanol-d, )6:7.85(1H,dd,J = 4.9,1.4 Hz,
H-6),7.16 (1H,dd,J = 8.2,1.4 Hz, H-4),7.08
(1H,dd,J = 8.2,4.9 Hz H-5) ,2.39(3H,s,H-7) ;
“C-NMR ( 150 MHz, Methanol-d, ) 8: 147.5 (C-2),
153.8(C-3),123.4(C-4),123.7(C-5),139.2( C-
6),18.4(C-7), LA % 5 STk ( BL it 5 ,2009)
RIE—2, MO B 3k 3523k 2-H Sk iE

k& 4 HEF K, H.NMR (600 MHz,
DMSO-d,)8:4.17(1H, m,-NH) ,3.17(3H,d, ] =
5.1 Hz,-CH,) ;" C-NMR ( 150 MHz, DMSO-d, ) &:
48.8(-NCH,) ., VA %4l 5 SCHk (9K 5 %%, 2018)
il — B, WO G Y 4 N-P R

k&5  HEL 5 (DMSO) , HR-ESI-MS;
[M+Na]*m/z 435.161 8, C,,H, O,."' H-NMR ( 600
MHz, DMSO-d,)6:7.44 (1H,s,H-4) ,5.03(1H,d,
J = 4.8 Hz,H-14B) ,4.87(1H,d,J = 5.6 Hz, H-
14a) ,4.61(1H,t,J = 4.8 Hz,H-3) ,4.18(1H,d,
J = 7.8 Hz,H-1") ,3.81 (1H,d,J = 8.2 Hz, H-
13a) ,3.65(1H,d,J = 6.4 Hz,H-6'a) ,3.61 (1H,
d,J = 8.7 Hz,H-138) ,3.42(1H,s,H-6'B) ,3.13
(1H,d,J = 4.5 Hz,H-5"),3.10(2H,d,J = 7.8
Hz,H-12),3.09(1H,d,J = 3.7 Hz, H-3"),3.04
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(1H,d,J = 9.1 Hz,H-4") ,2.96(1H,d,J = 8.3
Hz,H-2'),2.44(3H,s,H-11),2.43~2.40(1H, m,
H-2),1.21(3H,d,J = 7.3 Hz, H-10) ;" C-NMR
(150 MHz, DMSO-d, ) 8:205.1(C-1),53.5(C-2),
73.8(C-3),126.3(C-4),145.0(C-5),137.3(C-
6),138.6(C-7),131.0(C-8),154.0(C-9),12.7
(C-10),20.8(C-11),28.9(C-12),68.3(C-13),
54.8(C-14),103.0(C-1"),73.6 (C-2"),77.0( C-
3'),70.2(C-4"),76.9(C-5"),61.2(C-6"), VI I
B 5 SCHER ( Murakami et al., 1985) il — 3, ik
YEAL AW 5 A pterosin S 13-0O-glucoside,,
&Y 6 HEEd(FE) ., H-NMR (600
MHz, Methanol-d, ) 6: 7.51 (2H, s, H-4,4"),5.11
(2H,d,J = 12.1 Hz,H-14a,14'a) ,5.00(2H, d,
J = 12.1 Hz, H-148,14'B) ,4.74 (2H,d,J = 4.1
Hz,H-3,3') ,4.25(2H,d,J = 7.8 Hz,Gle-1,1"),
4.06(2H,d,J = 7.4 Hz,H-13a,13'a) ,3.84(2H,
s,Gle-6a,6'a),3.69(2H,d,J = 9.6 Hz, H-138,
13'B),3.66(2H, s, Gle-68,6'B) ,3.31 (2H, s, Gle-
3,3"),3.27(2H,s,Glc-2, 2'),3.26(2H,s, Gle-5,
5'),3.21(4H,d,J = 7.9 Hz, H-12,12"),3.19
(2H,s, Gle-4, 4'),2.52(6H,s, H-11,11'),1.34
(6H,d,J = 7.3 Hz, H-10, 10") ;" C-NMR ( 150
MHz, Methanol-d, ) 8;207.8 (C-1,1"),54.9 ( C-2,
2'),76.1(C-3,3"),127.7(C-4,4"),147.3(C-5,
5'),138.5(C-6,6"),139.6(C-7,7"),132.9(C-8,
8'),155.3(C-9,9'),13.0(C-10,10") ,21.5(C-11,
11'),29.9(C-12,12'),70.2(C-13,13") ,57.8 (C-
14,14") ,104.6 (Gle-1,1") ,71.6 ( Gle-2,2") ,78.0
(Gle-3,3"),75.1(Gle-4,4") ,78.0( Gle-5,5") ,62.7
(Gle-6,6") o LI %4l 5 SCHR (Peng et al.,2020)
il — 2, B E LS 6 R obtupterosin C,
a7 CyHyO,, A% (HEE) ., HR-
ESI-MS: [ M+Na]* m/z 357.203 6,' H-NMR ( 600
MHz, Methanol-d, ) 8:3.88 (1H,d,J = 5.4 Hz, H-
11'),2.43~2.37(2H, m,H-6) ,2.26 (1H,p,J =
6.8 Hz, H-2'),2.17 ~2.12(1H, m, H-7") , 1.95
(1H,d,J = 3.1 Hz,H-12"),1.92(1H, s, H-16) ,
1.90(1H,d,J = 3.1 Hz,H-1"),1.89(1H,d,J =
2.7 Hz,H-12),1.88~1.83 (1H, m, H-13),1.80
(1H,ddd,J = 13.6,11.7,2.5 Hz,H-3") ,1.73(1H,
td,J = 13.3,3.5 Hz,H-9) ,1.47~1.42(1H,m, H-
2),1.42~ 1.38(1H, m,H-7),1.38~1.34(1H, m,

H-5),1.23(3H,d,J = 6.9 Hz,H-17) ,1.21(3H,s,
H-20),1.18(2H,d,J = 12.4 Hz,H-14),1.13 ~
1.08(1H,m,H-1),1.06(1H,dd,J = 13.5,4.4 Hz,
H-3),0.96 (3H, s, H-18) ;" C-NMR ( 150 MHz,
Methanol-d,)8.:40.6 (C-1),20.0(C-2),39.0(C-
3),44.6(C-4),57.5(C-5),21.3(C-6),36.3(C-
7),52.5(C-8),62.3(C-9),39.7(C-10),65.7(C-
11),34.4(C-12),35.9(C-13),38.3(C-14) ,224.8
(C-15),50.6(C-16),11.5(C-17),29.4(C-18),
181.3(C-19),16.0(C-20), LI I % ¥ 5 CHk
(Maosong et al.,2016) fR 16 — 2, B EELE5W 7
M ent-11a-hydroxy-15-oxokauran-19-oic acid,

&Y 8 CyuH,0,, AL (HEE), HR-
ESI-MS: [ M+Na]" m/z 355.187 9.' H-NMR ( 600
MHz,Methanol-d,)6:5.72(1H,s,H-17) ,5.24(1H,
s,H-17) ,4.01 (1H,d,J = 4.6 Hz, H-11),3.03
(1H,d,J = 4.0 Hz,H-13) ,2.43(1H,d,J = 11.8
Hz,H-9),1.22 (3H, s, H-19), 0.99 (3H, s, H-
20) ;" C-NMR ( 150 MHz, Methanol-d, ) §: 40.9 ( C-
1),20.1(C-2),39.0(C-3),44.7(C-4),57.5(C-
5),21.2(C-6),37.8(C-7),52.0(C-8),63.7(C-
9),40.0(C-10),66.7(C-11),41.4(C-12),38.5
(C-13),35.3(C-14),212(C-15),152.2(C-16),
112.7(C-17) ,29.5(C-18) ,181.4(C-19) ,16.3(C-
20) o PAEHUE S SCER (5R 18R 5, 1990) 4 1 —
M EALEY) 8 A ent-11a-hydroxy-15-oxokaur-
16-en-19-oic acid,

a9 ARG (505) . H-NMR (600
MHz, Chloroform-d)&8:5.35(1H,d,J = 4.5 Hz,H-6) ,
3.56~3.48(1H,m,H-3),1.00(3H,s,CH,-19),0.92
(3H,d,J = 6.4 Hz,CH,-21),0.84(3H,d,J = 2.5
Hz,CH,-29),0.82(3H,d,J = 6.5 Hz,CH,-26),0.80
(3H,s, CH;-27),0.67 (3H, s, CH,-18) ;" C-NMR
(150 MHz, Chloroform-d)é&:37.4(C-1),32.1(C-2),
72.0(C-3),42.5(C-4),140.9(C-5),121.9(C-6) ,
31.8(C-7),32.1(C-8),50.3(C-9),36.7(C-10) ,21.2
(C-11),39.9(C-12) ,42.4(C-13) ,56.9(C-14) ,24.5
(C-15),28.4(C-16) ,56.2(C-17),12.0(C-18) ,18.9
(C-19),36.3(C-20),19.2(C-21),34.1(C-22) ,26.2
(C-23),46.0(C-24),29.3(C-25),20.0(C-26),19.5
(C-27),23.2(C-28),12.1(C-29) . VI I %idi 5 Sk
(Song et al.,2013) i — 3, AL E AW 9 H B-
A
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LAY 10 C H, O, A4S (HEE) ,, HR-
ESI-MS: [ M+Na]* m/z 517.240 8,' H-NMR ( 600
MHz, Methanol-d, )6:5.71 (1H,s,H-17a) ,5.41 (1H,
d,J = 8.0 Hz,H-1") ,5.23(1H,s,H-178) ,4.00( 1H,
d,J = 4.3 Hz,H-11) ,3.83(1H,d,J = 11.9 Hz, H-
13) ,3.69(1H,dd,J = 12.0,4.1 Hz,H-9) ,3.40(1H,
d,J = 9.1 Hz,H-3"),3.37(1H,s,H-4") ,3.36 (1H,
d,J = 1.3 Hz,H-5") ,3.35(1H,s,H-2") ,3.03~3.00
(2H,m,H-6") ,2.47(1H,d,J = 12.0 Hz, H-14a) ,
2.21(1H,d,J = 13.1 Hz,H-38) ,2.10~2.06(1H,m,
H-2a) ,2.04 ~1.98 (1H, m,H-18),1.97 (1H, s, H-
28),1.94(2H,d,J = 3.2 Hz,H-6),1.83~1.77(1H,
m,H-78) ,1.48 ~1.44 (1H, m, H-148) ,1.38 ~ 1.37
(1H,m,H-7a) ,1.35(2H,s,H-12) ,1.26(3H,s,H-
18),1.23(1H,d,J = 6.7 Hz, H-5), 1.14~1.11
(1H,m,H-1a) ,1.09(1H,d,J = 4.1 Hz,H-3a) ,
0.99 (3H,s,H-20) ;" C-NMR ( 150 MHz, Methanol-
d,)6:40.8(C-1),19.9(C-2),38.9(C-3),45.0(C-
4),58.0(C-5),21.0(C-6),37.7(C-7),52.0(C-
8),63.6(C-9),40.1(C-10) ,66.8( C-11) ,41.3(C-
12),38.5(C-13),35.3(C-14),212.1(C-15),
152.4(C-16),112.6 (C-17),29.0(C-18),178.0
(C-19),16.3(C-20),95.6(C-1"),74.0(C-2"),
78.7(C-3"),71.1(C-4"),78.7(C-5"),62.4(C-
6') ., VI FEHES ik ( Kazuo et al.,1977) R iE —
5, % E AW 10 B ent-11a-hydroxy-15-
oxokaur-16-en-19-oic acid-O-glucopyranoside,,

& 11 C H,,0,, H@MIRY) , HR-ESI-
MS: [ M+Na]* m/z 301.141 0,'H-NMR (600 MHz,
DMSO-d,)6:7.71 (2H,dd,J = 5.7,3.4 Hz,H-3,
3"),7.66(2H,dd,J = 5.7,3.4 Hz,H-4,4") ,4.21
(4H,t,J = 6.6 Hz,H-6,6") ,1.66~1.60(4H,m,H-
7,7),1.39~1.33(4H,m,H-8,8"),0.88 (6H, dt,
J =122.5,7.5 Hz,H-9,9") ;" C-NMR ( 150 MHz,
DMSO-d,) 6. 131.8 (C-2,2"), 128.8 (C-3,3"),
131.7(C-4,4"),167.2(C-5,5"),65.2(C-6,6")
30.1(C-7,7"),18.8(C-8,8"),13.7(C-9,9"), A
R 5 S0k (Liv et al.,2010) 4238 — 3, #% E
B 11 Hy 5, 5 - T R, 27 BRI

&Y 12 CyHy O, B AR Y, HR-ESI-
MS. [ M+Na]*m/z 413.266 2,'H-NMR ( 600 MHz,
Methanol-d,)6.7.72(2H,d,J = 9.1 Hz,H-3,3"),
7.62(2H,d,J = 9.1 Hz,H-4,4") ,4.31~4.21(4H,

m,H-6,6") ,1.71(2H,dt,J = 20.5,6.6 Hz, H-7,
7'),1.49 ~1.43 (4H, m, H-12,12") , 1.44 ~ 1.40
(4H,m,H-8,8'),1.39(4H, m,H-10,10") ,1.36 ~
1.33(4H,dd,J = 19.3,7.4 Hz,H-9,9") ,0.97(6H,
dd,J = 19.3,7.4 Hz,H-13,13"),0.93(6H,t,J =
7.4 Hz,H-11,11") ;* C-NMR ( 150 MHz, Methanol-
d,)8:133.6(C-2,2"),129.9(C-3,3"),132.4(C-4,
4"),169.3 (C-5,5"),69.1(C-6,6"),40.2(C-7,
7'),31.6(C-8,8"),30.1(C-9,9"),24.0(C-10,
10') ,14.4(C-11,11"),25.0(C-12,12") ,11.4(C-
13,13") , LA B %oHE 5 SCHR (Zhi et al.,2015) #2iE
—& M E S 12 85, 5- (2-2H-O R
)2, 27U

fEE&EW 13 Aashih(FE)  H-NMR (600
MHz, Methanol-d, ) 6: 5.75 ( 1H, s, H-7), 4.22
(1H,p,J = 3.5 Hz, H-3),2.42(1H, dt, J =
13.5,2.6 Hz,H-4) ,1.99 (1H,dt,J = 14.4,2.7
Hz,H-2),1.76 (3H,s,H-11),1.74 (1H,d, J =
4.2 Hz,H-4a) ,1.53 (1H,dd,J = 14.5,3.8 Hz,
H-2),1.46(3H,s,H-9),1.28(3H,s,H-10) ;" C-
NMR ( 150 MHz, Methanol-d, ) 6: 174.5 (C-2),
113.3(C-3),185.7(C-3a) ,37.2(C-4) ,47.9(C-
5),67.2(C-6),46.4(C-7),89.0(C-7a),27.0
(C-8),31.0(C-9),27.4(C-10) , VI " %dE 5
Mk ( Yang et al.,2020) 48 — 2, WXk &Y
13 N REZ RN,

Ew 14 Fas & () H-NMR (600
MHz, Methanol-d, )6:2.52(4H,s, H-2,3) ; " C-NMR
(150 MHz, Methanol-d, ) 6:176.2( C-1,4) ,29.8( C-
2,3) . LA EEURE S SOk (25365, 2007 ) il —FL,
W B AY 14 AT IR,

EW 15 Fass & (HE) . H-NMR (600
MHz, Methanol-d, )8:6.76 (2H,s, H-2,3) ; " C-NMR
(150 MHz, Methanol-d, ) 6:168.0 (C-1,4),135.2
(C-2,3) o DA% 5 sck (IRLK0 55 ,2017) 4
H—2 R E G 15 s BIR,

Aa Y 1-15 M= 3 pios .,

4 PP E PR I vE M SR

AR LGSR
ERALEY 1.2.3.5.6.10, K ] MTS k%)
HL-60 F I 40 M . A549 Jilif& 41 e . SMMC-7721
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Fig. 3 Structural formulas of compounds 1-15

JF 9 40 i . MDA-MB-231 FL A% & 40 i 1 SW480
25 Jg 98 AN B 0E A7 0 18, LAI4A ( cisplatin, DDP) |
A (taxol) FE M PHMEXT IR, B3R 2 AT A1, 6 4>
1k & W % HL-60 . A549  SMMC-7721 , MDA-MB-
231 ,SW480 Jif 8 21 My ¥ & /xS [6] 49 e i R
M
4.2 M HEEFEER

WM EAEY 1.2.3.5.6,10 A 5 1 3¢
WA & 4> BE O WG B OB A ( activated  partial

thromboplastin time, APTT ) . #& Il f§ J B [A]
( prothrombin time, PT) FI BE 1M i B5F ] ( thrombin
time , TT) f532 M > 24T BT BE I 7% V00 %E , APTT 1
TT W5 20 52 LUK 3% iTF % (enoxaparin, LMWH) Jy [H
PEXTER  PT 412 LU il (heparin, HEP) Ay BH A %)
M, W3 A, 525 F X B4 (control, Con.) #H
Ho, SRR S 2.0 mmol - LB L& 1.2 .3,
6 X APTT A3 i35 4 JiAE 0, AL &9 1.5 .6 XF PT
A W E AR,
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Table 2 Inhibitory rates of compounds on five kinds of tumor cells
gi W Inhibiﬂ]ﬁi (%)
No. Concentration
(pmol - L") HL-60 A549 SMMC-7721 MDA-MB-231 SW480
1 40 6.04+0.81 11.16+0.97 13.84+0.48 13.80+1.64 9.78+0.35
2 40 7.43+2.49 10.31+0.96 15.44+2.96 14.15+0.83 2.58+3.87
3 40 2.20£1.32 9.85+1.35 19.25+1.39 13.71%3.35 6.11£2.01
5 40 8.56+1.63 7.32+1.31 11.18+2.42 11.42+2.60 0.72+2.26
6 40 6.23+1.68 11.13+0.93 16.02+2.59 12.37+3.75 8.60+2.78
10 40 7.40£0.98 7.48+2.28 7.90£2.92 14.24+1.43 2.69+2.19
DDP 40 98.18 88.62 95.17 58.39 80.72
Taxol 5 87.73 65.07 60.00 58.26 53.02
X3 BHEX APTT.PT.TT W& (n=3)
Table 3  Effect of samples on APTT, PT, TT (n=3)
gy Rk B2 ﬁéﬁmﬂfé‘iﬁfﬁ xds
No. Delecllofl Sample pla..sma
concentration concentration APTT PT TT
Con. — — 34.2+0.32 12.4+0.06 13.40.55
LMWH 35.6 wmol - L' 3.56 wmol - L 134.2+£3.56 %4 — —
HEP 160 mg - L™ 16 mg - L — 25.3+0.26 %% —
LMWH 8.89 wmol - L' 0.889 pmol - L — — 38.8+0.9] ##x
1 2.0 mmol - L' 200 pmol - L 33.020.38* 12.7£0.12% 13.7+0.30
2 2.0 mmol - L' 200 wmol - L 33.5+0.15% 12.8+0.42 14.3+0.36"°%7°
3 2.0 mmol « L' 200 wmol + L' 33.620.20% 12.3+0.78 12.9+0.84
5 2.0 mmol - L' 200 wmol - L 33.7+0.35 12.7+0.06 * 13.6+0.44
6 2.0 mmol + L 200 wmol - L 33.3+0.20%* 12.7£0.06 % 14.0+0.20
10 2.0 mmol - L 200 pwmol - L 33.2+0.60" =% 12.8+0.21" 07 14.3+0.26" =72

T S PR IEL, *RoR8 P<0.05, **3R/R P<0.01, **F/K P<0.001,
Note: Comparison with blank control, * represents P<0.05, ** represents P<0.01, *** represents P<0.001.

5 WwsE®

RIS EAR 15 MMeE Y, bk &Y
1 R RR T, B fb &9 8.9 AF, Ak &1
RE RS XU R o3 B AR . 28 A R SCRR,
AW 6 XF HCT-116 41 il 3¢ B0 H 410 i 75 15 4 (Bt
T5,2009) , LA 9 8 HABUMMIE PR Ui/
M RS2 PG ME (22 %, 1996) , LAY 9 A
A A AT R O A L B AR AR L T gk L A B A VR
(BRERPAE,2021) , AFRAMEEGY 1.2.3.5.6,
10 FEAT T 0 S B &8 I3 M 0 k. R R R

40 pmol « LB, 6 A4k & W 35 mT 1 i fib g8 40 i
HL-60 ,A549 SMMC-7721 \MDA-MB-231 &% SW480
RSN gg A= 4 s ZERE S R B2 2.0 mmol - L7 A,
&% 1.2.3.6 % APTT A 45 m1EM ka1,
5.6 X PT IR AEH],

g, R R EE T B eI X2
Bk B Ak 2 B B A= TG v, s S 7 8 i RUR R
Hh 18 Ak 27 1o 5 7 22 B ELAE BT IR T 2L A VR T
18 1 I 5%, S 61 ik XU R Bk A 0 7 25 FH A 1 L 1)
FEEF AR L T 9 e ml K B2 Rk H, (H2 %
SCAR XoF A o Sk 9 40 L 3R AT 2 B A0 L R AE Y, A
E— T,
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